Vegetable oils are important for food, biofuels and lubricants, both industrial and cosmetic. The demand for vegetable oils will continue to rise as the population increases. Triacylglycerol (TAG) is the major component of vegetable oil; methods to increase TAG content are therefore a major focus for plant breeding and biotechnology. Acyl-CoA:diacylglycerol acyltransferase (or DGAT for short) catalyzes the last step in the synthesis of TAG. The Weselake group, as well as others, showed that overexpressing DGAT could increase TAG content in the seed of canola-type Brassica napus (Weselake et al., 2008) . There were also a few reports that single amino acid residue changes increased TAG content, but no systematic analysis of structure and function was available.
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The standard assay for DGAT activity requires radiolabeled substrate and then separation of radiolabeled TAG from other radiolabeled lipids by thin layer chromatography, a tedious procedure. However, as the Weselake group described (Siloto et al., 2009a,b) , and is shown schematically in Figure 1 , using a yeast strain (H1246) that can't produce TAG can speed things up. Mutant variants of DGAT1 cDNA were introduced into H1246 and screened on medium containing oleic acid. H1246 cells without a functional DGAT1 are inhibited, because oleic acid cannot be incorporated into TAG and is apparently toxic. Thus, introduction of a cDNA construct encoding DGAT1, even those less active than the wild type, allows the yeast to grow better. H1246 cells that had acquired functional DGAT1 variants were then assessed for relative performance by staining for neutral lipids with Nile Red.
In this highlighted paper, Chen et al. (2017) analyzed 50 variants previously isolated using this yeast screen (Siloto et al., 2009b) . As might be predicted, some amino acid substitutions were located near putative active and substrate binding sites, but a majority of the variants with improved enzyme activity had amino acid residue changes that were elsewhere in the protein. Promisingly, many of these sites are conserved in DGATs of other plant species, suggesting that similar engineering could improve TAG content in diverse plants. The team analyzed 4 single amino acid variants in detail, for example, by quantifying TAG content with GC/MS and assessing fatty acid composition. They selected one site, namely position 447, which is isoleucine in wild type, for site saturation mutagenesis. They also analyzed 19 variants with single amino acid residue substitutions, in order to understand TAG content increases in the context of a DGAT1 predicted topology model. Most of the favorable amino acid residue changes were to more polar residues.
In vitro enzyme assays are one thing -how about in plants expressing these constructs -is there more TAG? To test this, they took advantage of their connection with Thomas Vanhercke and collaborators at the CSIRO in Australia, who were experienced in performing transient expression assays in Nicotiana benthamiana leaves. Thomas had previously spent time in the Weselake lab learning how to conduct directed evolution experiments. The B. napus DGAT1 constructs were co-transfected into N. benthamiana leaves with a construct encoding the Arabidopsis transcription factor WRINKLED 1, whose expression effectively increases carbon flow in leaves (Vanhercke et al., 2013) . Remarkably, two DGAT1 variants that exhibited the highest in vitro enzyme activity (I447F and L441P) increased TAG content in N. benthamiana leaves by 33 or 70%, respectively. One obvious next step is to introduce these constructs into oilseed crops to see if similar increases can be achieved.
Guanqun (Gavin) Chen received his Ph.D. from the University of Hong Kong, where he had studied omega-3 fatty acid and astaxanthin production in microalgae. He then joined Randall's lab as a postdoc for 5 years, where he was introduced to storage lipid biosynthesis in plants and to biotechnological strategies for improving lipid content. He left Randall's group in 2014 to take an Assistant Professor position at the University of Manitoba. In an interesting twist, Randall retired from the University of Alberta in December 2016, after conducting research on storage lipid biosynthesis in plants for over 25 years. In May 2017, Gavin was recruited back to the University of Alberta as an Assistant Professor, housed in the same lab where he had been a postdoc! Gavin will continue to work on plant lipid biotechnology, to optimize TAG content and to investigate the relationships between protein structure and function in DGAT1 and other lipid biosynthetic enzymes. His lab will also work towards understanding if and how other DGAT1 variants might be used to manipulate enzyme substrate preferences, as the composition of fatty acids is also important for diverse biotechnological applications.
